in the ocean (that is a one with zeroes behind it!). That is more viruses than there are stars in the universe! Most of these ocean viruses infect bacteria [ ].
VIRUS
A virus is a small amount of DNA or RNA surrounded by a protein shell. Basically, a virus is just an instruction manual for building more viruses. When the virus enters a living cell (a human cell, if the virus infects humans, or a bacterial, cell if the virus infects bacteria) it reprograms that cell and turns the cell into a virus factory.
Maybe all of this is new to you, but bacteria and viruses have been around for a very long time. Bacteria have been evolving alongside viruses since the origin of life. They have been locked in a constant battle for over billion years [ ]. After all that time, bacteria have evolved a few tricks to defend themselves.
BACTERIA DEFEND THEMSELVES, JUST LIKE WE DO
Your body has lots of ways to keep you from getting sick or to help you get better more quickly when you do get sick. Your first line of defense is your skin and the membranes inside your body. These keep nasty bacteria and viruses away just like a wall. When you get a cut, why do you have to be careful to keep it clean? So that you do not get an infection.
Sometimes though, your skin is not enough, and you do get sick. When you get a fever, that is a sign that your body is trying to fight whatever is causing you to be sick. There are some clever ways your body can fight infection [ ]. After your body fights o an infection by a virus for the first time, it can form a memory of what that virus looks like. That way, you would not get sick from that virus again. You will recognize the "bad guy" and fight back. We call this memory "adaptive immunity,"
ADAPTIVE IMMUNITY
All organisms have di erent types of immunity to protect themselves against infection. Adaptive immune systems allow organisms to remember infections from the past in order to better fight against those same infections in the future.
and it is why people usually only get the chicken pox once, and it is also why vaccines work. A vaccine shows your body a little bit of a dead or weakened virus, so your body can remember the virus and fight against the alive version later on. Some viruses change over time though, so that these memories do not work forever. Have you gotten a cold or the flu more than once? That is because these viruses change quickly. Each time you get sick, it is actually a slightly di erent version of the cold or flu.
Bacteria seem a lot simpler than us. After all, they are really tiny and only made up of a single cell. Bacteria do not have brains or other organs. Even their one cell looks much simpler than one of our own cells. Even so, bacteria can defend themselves from viruses a lot like we do.
First of all, each bacterium is surrounded by a "cell membrane" and BACTERIUM A bacterium is a microscopic organism made up of a single cell. Their cells are much simpler than a human's, too. Some bacteria can make you sick, but most do not. In fact, you rely on the bacteria in your gut to stay healthy! a "cell wall." These structures are like shields that protect bacteria from the world, similar to the way your skin protects you. Viruses need to attach to the outside of a cell and poke through to get inside. If the bacteria change the shape of their cell walls, this can prevent viruses from sticking to them. Then the bacteria are protected from infection. CRISPR stands for "clustered regularly-interspaced short palindromic repeats," which is a complicated way of describing what CRISPR looks like. When scientists sequenced the genetic code of some bacteria (their DNA), they found a pattern in which the same short sequence was repeated over and over again with some gaps in-between (regularly-interspaced). These short repeated bits were palindromes, meaning they looked the same going forward or backward (like the words "kayak" and "racecar"). Finally, all of the repeats were found clustered close to each other in the bacterial DNA. Hence, the scientists came up with the name CRISPR. We admit that the name is pretty confusing, but I would not worry about it if I were you. Scientists do an OK job at figuring out how the world works, but we are not great at coming up with simple names for things.
HOW DOES CRISPR WORK?
What do we mean when we say that CRISPR helps bacteria "remember" a virus? Well, to understand that, first you have to understand what a virus is. Unlike humans, and unlike bacteria, viruses are not made of cells. Instead, a virus is a bunch of DNA or RNA (a molecule related to DNA) packaged tightly into a capsule made of proteins. You can think of DNA as a long book describing what a living thing is supposed to be like. For example, your DNA describes how your body should work, and this "code," along with the world around you, shapes how you grow. All living things store their genetic code as DNA, but some viruses have RNA instead. RNA does pretty much the same thing as DNA for viruses but is built a little di erently (think of the code for those viruses being written on stone tablets instead of paper).
At the beginning of an infection, the virus' DNA or RNA gets injected into a cell (a human cell, if the virus infects humans, or a bacterial, cell if the virus infects bacteria). Afterward, the virus reprograms the cell to make lots of copies of the virus. Eventually, these copies are packaged into new capsules. Finally, the cell is broken open and lots of newborn viruses go o into the world to infect new cells. You can see how this works in Figure . CRISPR in bacterial cells works in two steps. First, when a bacterium has a CRISPR system, it can store little pieces of viral DNA. Each one kids.frontiersin.org July | Volume | Article | Figure   Figure How a virus infects a bacterium.
of these pieces can be thought of as a di erent "memory." Now the bacterium knows part of the virus' "code" and can recognize it as a "bad guy" later on. If a virus injects itself into a cell, and that virus matches one of the bacterium's stored memories, then the bacterium knows that there is something wrong. Once the bacterium knows that it is being infected, it starts the second step of CRISPR immunity. The bacterium uses its CRISPR system to chop up the virus before the virus has a chance to make copies of itself. Voila, no infection! We show how this works in Figure . Of course, bacteria do not "think" or "know" things like we do, because they do not have brains. All of the steps in CRISPR immunity happen automatically, but it is helpful to think of them as "memory" when trying to understand how they work.
WHY DO WE CARE SO MUCH ABOUT CRISPR?
Recently, CRISPR has been in the news a lot. People are very excited about this odd little system that bacteria use to fight viruses! Why so much excitement you ask? Well, it turns out that we humans are pretty good at stealing the tools bacteria have evolved over billions of years and using them for our own purposes. Scientists have been able to turn CRISPR into a way of "DNA editing" [ , ] . Bacteria use CRISPR to
DNA EDITING
Scientists have figured out how to use CRISPR to edit DNA. That means they can potentially re-write the "instruction manual" that tells each organism how to live and grow. We call this "DNA editing." out how to use CRISPR to cut any DNA very precisely in any way we want! Why do scientists want to edit DNA anyway? Some human diseases are very di cult to cure because they are coded into our DNA. These diseases are not caused by viruses or by bacteria. Some examples are sickle cell anemia and cystic fibrosis. These diseases are caused by tiny changes to the genetic code. These changes make the body work slightly di erently from the way it otherwise would. With CRISPR, we can edit DNA, and maybe fix these small changes. This means that CRISPR could be used to help cure some of these genetic diseases. That is not all though. Scientists are using CRISPR to design hardier crops for us to eat, to try to get rid of disease-carrying mosquitoes, and much more.
We are still learning how to best use CRISPR as a tool. It is important that we make sure to use CRISPR for good reasons. Recently, a scientist reported that he had used CRISPR to edit the DNA of two children. He was trying to make them resistant to certain diseases. 
